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 Abstract 
Title: Effect of Shade on Seed Germination, Growth and Xylem 
Development of Moringa oleifera Seedlings (Alrawag seedlings) 
Lamia Tewfik Ahmed Mohamed 
This study investigated the effect of shade as a 
moderator of light intensity and temperature on germination 
percentage and germination rate, biomass accumulation and 
partitioning and xylem development of seedlings of Moringa 
oleifera.  
Three levels of shade were studied: high shade (80%), 
medium shade (50%) and no shade (0%). Germination rate 
and germination percentage were calculated after two weeks 
from seed sowing. Four sequential harvests were carried out 
starting from four weeks after seed sowing. Seedling growth 
parameters (shoot length, root length, shoot dry mass, root 
dry mass, total dry mass and root/shoot ratio of the dry mass) 
were assessed at each harvest. Cross sections were prepared 
from the lower and middle parts of the stems at each harvest 
and anatomical parameters were measured (vessel volume 
fraction, vessel diameters, number of vessel and volume 
fraction of lignified cells). 
Result showed that the effect of shade was significant 
on germination, seedling growth and anatomical parameters. 
The medium shade (50%) had significantly fast rate of 
germination than no shade and higher germination 
percentage than high shade. Generally, the medium shade 
ix 
 
(50%) gave higher values for the seedling growth parameters 
and produced erect and strong shoot than the other 
treatments.  The values of the anatomical parameters of the 
stem wood of the seedlings decreased with the increase in 
shade level.  
These findings indicate the importance of shade to the 
germination and seedling development of M. oleifera and 
that should be considered in the nursery conditions. The 
study recommends that medium shade level (50%) to be used 
for seedling production. 
 x
 
 ﻣﺴﺘﺨﻠﺺ اﻟﺒﺤﺚ
   (ﺷﺘﻮل اﻟﺮواق )اﻟﻤﻮرﻧﻘﺎ ﺧﺸﺐ ﺷﺘﻮل ﻮر و ﺗﻄﻧﻤﻮ  واﻟﺒﺬور ﺗﺄﺛﻴﺮ اﻟﻈﻞ ﻋﻠﻰ إﻧﺒﺎت: اﻟﻌﻨﻮان 
  ﻟﻤﻴﺎء ﺗﻮﻓﻴﻖ اﺣﻤﺪ ﻣﺤﻤﺪ
  
  ﻧѧﺴﺒﺔ  ﺗﺄﺛﻴﺮ اﻟﻈѧﻞ آﻮﺳѧﻴﻂ ﺑѧﻴﻦ ﺷѧﺪة اﻹﺿѧﺎءة ودرﺟѧﺔ اﻟﺤѧﺮارة ﻋﻠѧﻰ اﺧﺘﺒﺎر ﻟﺪراﺳﺔ ا ﺖﻬﺪﻓﺳﺘا       
 . ﻧﻘﺎاﻟﻤﻮرﺗﻄﻮر اﻟﺨﺸﺐ ﻓﻲ ﺷﺘﻮل ﺗﺮاآﻢ اﻟﻜﺘﻠﺔ اﻟﺤﻴﺔ وﺗﻮزﻳﻊ و  وﻣﻌﺪل اﻹﻧﺒﺎت ؛ ﻧﺒﺎتاﻹ
وﻻ ﻇﻞ %( 05)ﻣﺘﻮﺳﻂ ، ﻇﻞ %(08)ﻟﻲ وهﻰ ﻇﻞ ﻋﺎ ﺗﻤﺖ دراﺳﺔ ﺛﻼﺛﺔ ﻣﺴﺘﻮﻳﺎت ﻣﻦ اﻟﻈﻞ 
أﺟﺮﻳѧﺖ أرﺑѧﻊ .  ﻣѧﻦ اﻟﺰراﻋѧﺔ إﺳѧﺒﻮﻋﻴﻦ ﻹﻧﺒѧﺎت و ﻧѧﺴﺒﺔ اﻹﻧﺒѧﺎت ﺑﻌѧﺪ  ﻣﻌѧﺪل ا آѧًﻼ ﻣѧﻦ ﺗﻢ ﺣѧﺴﺎب  .%(0)
ﻣﺘﻐﻴѧﺮات اﻟﻨﻤѧﻮ ﻟﻠѧﺸﺘﻮل ﻗѧﺪرت ﻓѧﻰ آѧﻞ ﺣѧﺼﺪة . ﺔارﺑﻊ اﺳﺎﺑﻴﻊ ﻣﻦ اﻟﺰراﻋѧ اﺑﺘﺪا ﻣﻦ   ﻣﺘﺘﺎﺑﻌﺎت ﺣﺼﺪات
ﻜﻠﺘѧﺔ اﻟﺠﺎﻓѧﺔ اﻟﺠﺬرﻳѧﺔ، اﻟﻜﺘﻠѧﺔ اﻟﺠﺎﻓѧﺔ اﻟﻄѧﻮل اﻟﺨѧﻀﺮي، اﻟﻄѧﻮل اﻟﺠѧﺬري، اﻟﻜﺘﻠѧﺔ اﻟﺠﺎﻓѧﺔ اﻟﺨѧﻀﺮﻳﺔ، اﻟ )
 وﺳѧﻂ وأﺳѧﻔﻞ اﻟѧﺴﻴﻘﺎن، ت ﻗﻄﺎﻋѧﺎت ﻋﺮﺿѧﻴﺔ ﻣѧﻦ ﺰﺟﻬ. (اﻟﺨﻀﺮﻳﺔ/ﺔ اﻟﻜﺘﻠﺔ اﻟﺠﺎﻓﺔ اﻟﺠﺬرﻳﺔ اﻟﻜﻠﻴﺔ و ﻧﺴﺒ 
ﻧѧѧѧﺴﺒﺔ اﻟﺤﺠѧѧѧﻢ ﻟﻸوﻋﻴѧѧѧﺔ ، )  أﺳѧѧѧﺘﺨﺪﻣﺖ ﺗﻘﻨﻴѧѧѧﺔ اﻟﻌѧѧѧﺪ اﻹﺳѧѧѧﺘﺮوﻟﻮﺟﻲ ﻟﻘﻴѧѧѧﺎس اﻟﻤﺘﻐﻴѧѧѧﺮات اﻟﺘѧѧѧﺸﺮﻳﺤﻴﺔ 
  (. أﻗﻄﺎراﻷوﻋﻴﺔ، ﻋﺪد اﻷوﻋﻴﺔ وﻧﺴﺒﺔ ﺣﺠﻢ اﻟﺨﻼﻳﺎ اﻟﻤﺘﻠﺠﻨﻨﺔ
. ﻧﻤѧﻮ اﻟѧﺸﺘﻮل واﻟﻤﺘﻐﻴѧﺮات اﻟﺘѧﺸﺮﻳﺤﻴﺔ ،  اﻹﻧﺒѧﺎت ﻋﻠѧﻰ  ﻣﻌﻨﻮى ﻟﻠﻈѧﻞ ﺗﺎﺛﻴﺮاﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ وﺟﻮد   
 واﻋﻠѧﻰ ﻧѧﺴﺒﺔ اﻧﺒѧﺎت ،ﻟﻼﻇѧﻞﺎﻣﻌﻨﻮﻳѧًﺎ اﺳѧﺮع ﻣﻌѧﺪل اﻧﺒѧﺎت ﻣﻘﺎرﻧѧًﺔ ﺑ آѧﺎن ﻟﺪﻳѧﻪ  %(50) ﻂاﻟﻈѧﻞ اﻟﻤﺘﻮﺳѧ
واﻧѧﺘﺞ ﻣﺠﻤѧﻮع  ﻋﻄﻰ اﻋﻠﻰ ﻗﻴﻤﺔ  ﻟﻤﺘﻐﻴﺮات ﻧﻤﻮ اﻟѧﺸﺘﻮل اﻟﻈﻞ اﻟﻤﺘﻮﺳﻂ أ  ، ﻋﻤﻮﻣﺎ ً.ﻣﻘﺎرﻧًﺔ ﺑﺎﻟﻈﻞ اﻟﻌﺎﻟﻰ 
ﺘﺸﺮﻳﺤﻴﺔ ﻟﺨﺸﺐ اﻟﺴﺎق ﻓﻰ  اﻟ تاﻗﻴﻢ اﻟﻤﺘﻐﻴﺮ  اﻧﺤﻔﻀﺖ.  ﺑﺎﻟﻤﻌﺎﻣﻼت اﻻﺧﺮى  ﻣﻘﺎرﻧﺔ ﺧﻀﺮى ﻗﺎﺋﻢ وﻗﻮى 
 ﻳﺠѧﺐ ان ﺷѧﺎرت اﻟﻨﺘѧﺎﺋﺞ أن اهﻤﻴѧﺔ اﻟﻈѧﻞ ﻻﻧﺒѧﺎت وﺗﻄѧﻮر اﻟﻤﻮرﻧﻘѧﺎ أ . اﻟﻈѧﻞ ﻣѧﺴﺘﻮىﻊ زﻳѧﺎدة ﻣѧاﻟѧﺸﺘﻮل
ﻻﻧﺘѧﺎج %( 05)ﺳﺘﺨﺪام ﻣѧﺴﺘﻮى اﻟﻈѧﻞ اﻟﻤﺘﻮﺳѧﻂ وﺻﺖ اﻟﺪراﺳﺔ ﺑﺄ أ .ﻳﻌﻄﻰ اﻋﺘﺒﺎرًا ﻓﻰ ﻇﺮوف اﻟﻤﺸﺘﻞ 
  .اﻟﺸﺘﻮل
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CHAPTER ONE 
INTRODUCTION 
1.1 Back ground  
Moringa oleifera (Moringa), is a well known and cultivated 
species of the thirteen species of the family Moringacae and it is one 
of the world’s most useful plants (Fahey, 2005). It is native to the 
sub-Himalayan tracts of India and it has become naturalized in many 
locations in the tropics and is widely planted in Africa (Fahey, 
2005). It is known by several names but is popularly called the 
“drumstick tree” for its fruits that are used by drummers and the 
“horseradish tree” for the flavor of its roots (Palada and Chang, 
2003). 
The species is drought resistant, though in drought conditions 
it may lose its leaves, and it recover when it rains (Von Mydell 
1986). It grows well in areas receiving annual rainfall amounts that 
range from 250 to 1500 mm (Amaglo, 2006). It survives in a 
temperature range of 25°c to 40°c but has been known to tolerate 
temperature of 48°c and light frosts. It prefers neutral to slightly 
acidic soil and grows best in well-drained loam to clay-loam and it 
tolerates clay soils but does not grow well if waterlogged (Von 
Mydell, 1986). 
The species have multiple uses and that have attracted the 
attention of researchers, development workers, and farmers. It is 
 
 
 
 
 
2 
 
becoming a vital source of nutrition, where most of the world’s poor 
people live (Palada and Chang, 2003).  
M. oleifra is one of the important tree species, and widely 
distributed in Sudan (Elamin, 1981). It was originally an ornamental 
tree planted during British rule. Because of its many uses, it is 
planted in the whole tropical belt and in the Sudan concerned it was 
planted as “clarifier tree” (Shagarat Al rawag) (Dishna, 2000). 
1.2 Justification 
The growth of most of the forest tree seedlings are affected in 
the early stage by moisture, sun light intensity, temperature, and 
other factors (Bonner, 1984). M. oleifera can be cultivated very 
cheaply at the household level or in small communal nursery which 
is to be encouraged among the rural population (Dishna, 2000). 
However, the effect of external environmental factor on seedlings 
growth is not fully studied under dry condition in Sudan. Especially 
the effect of light intensity and temperature, which in turn affected 
by shade. Despite the valuable uses of M. oleifera very little is 
known about its response to light intensity in Sudan. In nursery 
practice, it is important to obtain the suitable light conditions to 
produce well balanced and hardened seedlings suitable for out 
planting.  
Diversity of form is a characteristic shared by many plant 
groups in dry tropical habitats, which are thought to support the 
world's highest diversity of plant life forms (Medina, 1995). 
However, little is known about the anatomical correlations of the 
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great diversity seen at the morphological level in dry tropical plants 
(Olson and Carlquist, 2000). 
Accordingly, the studies dealing with the effect of shade on 
the vegetative character and wood formation on the M. oleifera 
seedlings are important. This may lead to great changes in seedlings 
growth development in the nursery and further in the field.  
1.3 Problem Statement 
Jahn et al. (1986) reported that germination and growth of M. 
oleifera seedlings is much affected by light condition and the 
optimum light condition for germination of Moringa species was 
half shade. They indicated that the speed of germination of untreated 
seeds depended on temperature, humidity and watering. Further they 
reported that all seedlings from Moringa species grew poorly and 
succumbed at an early stage of development for unknown reasons.  
Mohamad (1986) mentioned that seedlings grown at 30% and 
50% light intensity have tall and slim shoots with large dark green 
leaves and relatively poor root system. These seedlings are 
unhardened and succulent and are generally sensitive to desiccation. 
The observations indicate that M. olifera seedlings are affected 
by shade; high shade produces succulent seedlings (Figure 1), but it 
needs some shade in early stage. 
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1.4 Objectives 
The main objective was to study the effect of shade as a 
moderator of light intensity and temperature on germination, 
seedling growth and stem wood anatomy of M. oleifera. 
The specific objectives were to study the effect of shade on: 
1. Germination percent and rate. 
2. An accumulation and partition of seedlings biomass. 
3.  Xylem development of seedlings. 
 
   
 
 
Figure 1: Seedlings of M. olifera with succulent stems, under 
high shade conditions. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Moringa oleifera Lam.     
M. oleifera, is commonly referred as "Moringa" from Tamil 
language (Muringa) and Malayalam language (Murunggi).  Is the 
most widely cultivated species of the genus Moringa, which is the 
only genus in the family Moringaceae. The English name of the 
species is Horse radish tree and the Arabic name is Rawag (Elamin, 
1981).  
2.1.1 Description  
Gibreel (2008) described that M. olifera as small fast-growing, 
drought tolerant and deciduous tree that ranges in height from 5-12 
m, with an open, umbrella shaped crown, straight trunk 10-30 cm 
thick. The bark is grey smooth, corky, roots of young plants swollen. 
Leaves are evergreen foliage (depending on climate) has leaflets 1-2 
cm in diameter, bi or more often tripinnate; terminal leaflets obovate, 
and slightly larger than lateral one, generally with 6 pairs of pinnae, 
with 2 pairs of opposite laterals and one terminal. Flowres are in 
along branches, paniculate, sweet scented, cream coloured; sepals 5 
unequal in size; petals unequal and slightly larger than sepals, white 
with yellow dots at the base. Fruits are capsules, 3-angled, elongate-
linear tapering at both ends, 9-ribbed, up to 30 cm long; seeds round, 
with 3 papery wings. Flowering November-January; Fruiting takes 
place from January to March (Figure 2).  
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2.1.2 Distribution 
Native to India, Arabia, and possibly Africa and the East 
Indies; widely cultivated and naturalized in tropical Africa, tropical 
America, Sri Lanka, Mexico, Malaysia and the   Philippine Islands 
(Palada and Chang, 2003). The species was introduced to the Sudan 
and distributed widely in short grass savanna areas and also planted 
in many parts of the country (Elamin, 1990). 
Originally considered a tree of hot, semiarid regions (annual 
rainfall 250–1500 mm) it has also been found to be well adapted to 
hot, humid, wet conditions (Dishna, 2000).   
2.1.3 Cultivation                              
M. oleifera can be easily established by cutting or by seed. 
Seeds can be sown either directly or in containers and no seed 
Figure 2: Typical Moring olifera trees carrying ripped fruits. 
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treatment is required (Dishna, 2000). Seeds can be planted as soon as 
they are mature but should only be kept for up to 3 months in natural 
conditions and before sowing the seeds can be soaked in water for 
one day and then planted (Von Mydell, 1986). 
However it does best where temperature ranges from 26 to 
40°C and annual total rainfall at least 500 mm. It grows well from 
sea level to 1000m in elevation (Dishna, 2000). It is wide range of 
adaptability is also shown in the variety of soil conditions where it 
grows continuously under water stress in 2cm apart and 1cm deep 
with frequent watering seeds (Dishna, 2000).  
Von Mydell (1986) reported that; the propagation of cuttings 
from healthy branches with hard wood, 45cm to 1.5m long and 10cm 
wide is possible. The cuttings should be taken in the rainy season. 
The green wood should be trimmed without damaging the bark of 
the hardwood with leaving the cutting ends in a shady place for 3 
days to dry.  The cutting should be planted directly in the soil or in 
polythene bags containing 3 parts soil and 2 parts sand.  One third of 
the cutting’s length should be placed in the soil. The soil should be 
moist but not over watered.  Cuttings planted in polythene bags will 
take a long time to develop roots and may be planted out after 2 or 3 
months. 
The Plants rose from 1m cutting beat pods from the second 
year and growth onwards with maximum production at 4 to 5 years. 
In a favorable environment an individual tree can yield 50 to 70 kg 
of pods in one year (Dishna, 2000). 
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2.1.4 Uses  
Fahey (2005) indicated the importance of this species as a 
multi-function plant, it has been cultivated in tropical regions all 
over the world for the following characteristic: 1) high protein, 
vitamins, mineral and carbohydrate content of entire plants; high 
value of nutrition for both humans and livestock; 2) high oil content 
(42%) of the seed which is edible, and with medicinal uses; 3) The 
coagulant of seeds could be used for wastewater treatment. This 
plant has been well documented for its medicinal importance for a 
long time.  
The leaves have more beta-carotene than carrots, more protein 
than peas, more vitamin C than oranges, more calcium than milk, 
more potassium than bananas, and more iron than spinach (Appendix 
1) (Palada and Chang 2003).  Also, the leaves are considered to offer 
great potential for those who are nutritionally at risk and may be 
regarded as a protein and calcium supplement, it is particularly 
useful as a human food in tropical countries because the leaves 
appear towards the end of the dry season when few other sources of 
green leafy vegetables are available and the powder of dried leaves 
can be added to sauces at the same time as other condiments or 
vegetables are added (Fahey, 2005).  
The seeds are used to clarify water (rawag) due to their co-
agulating properties in the northern Sudan, village women had so far 
used seed to treat the highly turbid water of the Nile (Jahn et al. 
1986).  The fruits and seeds are tastier while they are young and 
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before they turn brown. In Malaysia, the young tender fruits are cut 
into small pieces and added to curries (Fahey, 2005).  
The root can be applied externally as a poultice in cases of 
inflammation, as a valuable rubefacient, it is also used as a substitute 
for horseradish. The effect of oral application of aqueous and 
alcoholic extracts of root-wood has been studied in male Wistar 
albino rats. Ethylene glycol feeding resulted in hyperoxaluria as well 
as increased renal excretion of calcium and phosphate. 
Supplementation with aqueous and alcoholic extracts of M. oleifera 
root-wood significantly reduced the elevated urinary oxalate, 
showing a regulatory action on endogenous oxalate synthesis (Fahey, 
2005).  
The increased deposition of stone forming constituents in the 
kidneys of calculogenic rats was also significantly lowered by 
curative and preventive treatment using aqueous and alcoholic 
extracts. The results indicate that the root-wood of M. oleifera is 
endowed with antiurolithiatic   activity (Fahey, 2005).  
The wood provides a pulp that is considered suitable for paper, 
wrapping, textiles and cellophane. According to Verma et al. (1976) 
the species had being planted in India on large scale as a potential 
source of wood for the paper industry. In Jamaica, exudates are used 
for blue dye (Fahey, 2005).  
The different parts of the plants were used in folk medicine as 
flowers, leaves, and roots are used in folk remedies for tumors, the 
seed for abdominal tumors. The root decoction is used in Nicaragua 
for dropsy. Root juice is applied externally as rubefacient or counter-
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irritant and the leaves applied as poultice to sores, rubbed on the 
temples for headaches, and said to have purgative properties 
(Hartwell, 1971).  
Bark, leaves and roots are acrid and pungent, and are taken to 
promote digestion. Oil is somewhat dangerous if taken internally, but 
it can be applied externally for skin diseases. Also, the bark regarded 
as antiscorbic, and exudes a reddish gum with properties of 
tragacanth; sometimes used for diarrhea. Roots are bitter and act as a 
tonic to the body and lungs, and are emmenagogue, expectorant, 
mild diuretic and stimulant in paralytic afflictions, epilepsy and 
hysteria (Hartwell, 1971).  
2.2 Germination 
Germination is defined as “the resumption of active growth in 
an embryo which results in its emergence from the seed and 
development of those structures essential to plant development” 
(Bonner, 1984). In another sense, it is the culminating event of seed 
maturation, the establishment of the seedling. It can be viewed as 
occurring in overlapping events: Absorption of water; Increased 
respiration, enzymatic activity, and assimilation of stored foods; 
Increased adenosine phosphate and nucleic acids; Cell growth and 
division; and Differentiation of tissues (Kramer and Kozlowski, 
1979). All of these events are influenced by environmental 
conditions and events within the seeds themselves (Paulo, 2006). 
2.2.1 Germination rate  
This characteristic is important to predict the degree of success 
of a species based on the capacity of their harvest seed to spread the 
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germination through time, permitting the recruitment in the 
environment of some part of the seedlings formed (Paulo, 2006). 
2.2.2 Factors affecting seed germination 
Bonner (1984) found that the most important environmental 
factors that influence germination are: moisture, temperature, light, 
and aeration.  
Moisture: The typical pattern of moisture uptake by seeds has 3 
phases (Vertucci, 1989): a rapid initial uptake, a short lag period of 
extremely slow uptake, and another rapid period of uptake just 
before germination. The first phase is primarily imbibitional in 
nature and occurs in dead seeds as well as live ones (Simon, 1984). It 
is a physical process of moisture moving from a substance with high 
water potential (soil) to one with a low water potential (dry seed) 
(Simon 1984). This uptake displaces gases from dry seeds, and is 
visually evident in the bubbles that slowly escape from dry seeds 
when they are submerged in water (Simon, 1984). The length of the 
second phase is related to the degree of dormancy or delayed 
germination in the seeds (Simon, 1984). It can be practically absent 
in the rapidly germinating seeds or extended in the case of very 
dormant seeds. The third phase occurs when metabolism becomes 
very active, and the seed coats split, leading to greater oxygen uptake 
(Bonner, 1968).  
Temperature: Seeds of temperate woody plants can germinate over 
a wide range of temperatures, from a minimum of 2 or 3 °C, to a 
maximum of about 45 °C. Radical emergence occurs in most species 
at 45 °C, but few produce normal seedlings at this temperature. Low 
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temperatures, on the other hand, are favored by some species 
(Bonner et al., 1994).  
Light: Light plays a complex role in the germination of woody 
plants. It stimulates the germination of most species but is absolutely 
necessary for only a few. It is often difficult to separate the effects of 
light and the effects of temperature. Dry, dormant seeds normally do 
not germinate in the dark, but stratification at low temperatures or 
treatment with high temperatures can overcome the dark inhibition in 
some species (Bonner and Vozzo, 1987).  
2.3 The effect of shade on propagation 
When water and nutrients are not limiting, reduction in light is 
the most important environmental constraint arising when plants are 
cultivated in dense plantings. In particular, the assimilation and 
redistribution of carbon are greatly affected by plant density. It has 
been clearly established that, at high densities, competition for light 
changes the relationships between the aerial part and the root system, 
together with the morphology (size, architecture) of the plant. Under 
light-limited conditions, the growth of roots is reduced more than the 
growth of the aerial parts, which leads to a decrease in the root/shoot 
ratio (Pellerin and Demotes-Mainard, 1992). 
In addition, under light competition the root/shoot biomass 
ratio decreased with growth. Also, shaded isolated plants behave as 
plants under increased density conditions. Shoot biomass 
accumulation is less inhibited than root biomass accumulation by 
light competition, compared with full illumination (Hébert et al., 
2001). 
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Mohamad (1986) reported that seedlings of Shorea materialzs 
require moderate shade for their highest growth. The best height 
growth occured at a light value of 55% relative light intensity (RLI). 
The ratio of shoot weight to root weight is one of the important 
indicators of the condition of nursery stock. Strong sunlight reduces 
shoot growth, and slightly promotes root growth. Hence the ratio of 
shoot weight to root weight is higher in a shade condition for Shorea 
materialis seedlings. 
Roots are of many sizes and shapes and shoot⁄ root biomass 
ratio in some species may change dramatically during the life cycle 
of the plant. The shoot⁄ root relationships are influenced by genetics 
and the environmental combinations that exist during plant growth. 
Comparison of genetically- identical seedlings under different 
growth environments show that the plants with the largest shoot may 
or may not have the largest root system, depending on environmental 
conditions (Kasperbauer and Hunt, 1992).      
The ″strategy" of each plant is to sense the total growth 
environment, and invest only enough carbon in roots to support the 
plant as it proceeds its life cycle. Excessive investment of carbon in a 
root system might be at the expense of photosynthetic area and affect 
seed yield per plant. Some of the environment variables that 
influence the relative size of shoots and roots include: photoperiod 
(day length), moisture stress, soil acidity, nutrient availability, shoot 
and root temperatures, diseases, insects, and plant population density 
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which affects intensity and spectral distribution of light received by 
the growing plants (Kasperbauer and Hunt, 1992).    
Compared with seedlings grown at a high light intensity, 
seedlings grown at 30% and 50%RLI have tall and slim shoots with 
large dark green leaves and relatively poor root system. These 
seedlings are unhardened and succulent and are generally sensitive to 
desiccation. Therefore, in nursery practice, it is important to maintain 
more open light conditions to produce well balanced hardened 
seedlings suitable for out planting (Mohamad, 1986). 
Jahn et al. (1986) mentioned that the speed of germination of 
untreated seeds of M. oleifera depended on temperature, humidity 
and watering; the optimum light condition for germination of all 
Moringa species was half shade. 
Also, Jahn et al. (1986) indicated that exposure to full light did 
not greatly affect the germination of M. oleifera seeds that had been 
sown during the cool dry season. After sowing in the hotter weather 
in mid-April, however, germination frequencies amounted to only 40 
and 52 percent in full light as compared with 94 and 92 percent in 
half shade.  
As with germination, growth of the seedlings is much affected 
by light conditions, particularly during the hot periods of the year 
(Jahn et al., 1986; GFU, 2008). Early removal of tender seedlings to 
full light, combined with irregular watering, can thus have disastrous 
consequences; the average and maximum heights of M. oleifera 
seedlings were 1.7-2.2 times higher in half shade than in full light. 
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Within each species, those seedlings appearing first in a batch 
usually exhibited fastest development (Jahn et al., 1986). 
In addition, Jahn et al. (1986) indicated that growth of 
seedlings in half shade takes place more slowly in the hot dry season 
than in the cool dry season. To obtain stable healthy seedlings, the 
seeds should therefore be sown either during the rainy season or 
during the dry, season. Moreover, there is evidence that the seedlings 
should not be transplanted too early.  
2.4 Wood structure 
Hardwoods structure is more complex in comparison to 
softwoods. Hardwoods are composed of at least four major kinds of 
cell namely, vessel elements, fibers, rays and parenchyma cells. Each 
of these may constitute 15% or more of the volume of hardwood 
xylem (Haygreen and Bowyer, 1980). Mahjoub (2001) mentioned 
that the hardwoods elements differ in their proportion and 
arrangement from one species to another and within the individual 
tree.  
2.4.1Vessels 
Vessel elements are generally much shorter and larger in 
diameter than other types of longitudinal cells. The short length of 
vessel elements is traceable to the fact that they often do not grow in 
length during the maturation process and may become even shorter 
than the cambial initials from which they were produced (Jane et al., 
1970). Vessels are composite tube- like structures of indeterminate 
length. They are made up of individual cell called vessel element 
which are fused together end to end with complete or partial 
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disappearance of end walls. The pores formed in the early wood are 
much larger and more crowded than those formed in the latewood 
(Core et al., 1976). The appearance based on the orientation in which 
vessel are grouped as seen in transverse section, has been used for 
the recognition of vessel types (Carlquist, 1984).    
The term vessel clusters is applied to vessel groupings in 
which vessels touching each other form a collection about as wide 
tangentially as radially (Carlquist, 1988).The term aggregation is 
used for those groupings that are more extensive and often extend 
across rays as seen in wood transverse sections (Carlquest, 1987). 
Diagonal aggregation (grouping often traversing rays) that oriented 
in directions midway between radial and tangential are considered 
"are-porous" (Kukachka, 1978). Tangential aggregation is the 
tangential band of vessels that represents not a single category, but 
several phenomena. In one of these there are large non-grouped early 
wood vessels followed by tangential bands of smaller vessels 
(Carlquist, 1987). 
Vessels as seen in transverse section may be a few to many, 
and this is commonly recorded in the number of vessels seen per 
mm² of transverse section.   Number above 500 is unusual, but has 
been found in plants of notably dry habitats (Michener, 1983; 
Carlquist and Hoekman, 1985) or notably cold habitats (Miller et al., 
1975).   
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2.4.2 Variability in structural characteristics of wood 
The environment acting on a tree is complex and constantly 
changing and the response of the tree to the environment is equally 
complex and similarly changing. Two major factors rule the common 
trends of variability in wood. Those are genetics and environmental 
influence.  
Fielding and Brown (1960) defined the gross heritability to be 
the proportion of the total variance of characteristic which is due to 
hereditary differences among individuals. The earliest most 
conclusive proof of genetic influence on cell length of hardwoods 
has been obtained from the discovery that natural papules triploids 
have superior fiber length to normal diploids of about 21-26 percent.  
Successful rising of forest plantations would largely depend 
upon the selection of appropriate tree species which can thrive well 
in degraded and harsh soil with extremes of moisture supply. Plants, 
by nature, possess remarkable adaptive mechanisms to avoid or 
tolerate drought stress (Levitt, 1972).  
The most dramatic changes observed among the anatomical 
parameters considered herein were in the development of the 
secondary xylem and sclerification with stem development, as well 
as in the etiolation and shading effects on lignifications and sclereid 
formation (Maynard and Bassuk, 1996). Rooting percentages were 
positively correlated with changes reflecting increased succulence of 
the stem, e.g., a thicker cortex, less lignifications of the secondary 
xylem, thinner periderm and a higher percentage of sclereid- free 
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gaps in the perivascular sclerenchyma. This succulence could be 
attributed to either the stock plant treatments of etiolation or shading 
,or to the extent of shoot development (Maynard and Bassuk, 1996).       
2.4.3 Vessels adaptation 
Xylem adaptation to various growth conditions has been 
studied in different ways. In a group such as Asteraceae (which have 
libriform fibers) degree of vessel grouping rises markedly in relation 
to dryness of the habitat Vessel element tends to increase with 
increase in diameter; growth rings show clearly the independence of 
the two dimensions. Vessel element diameter and length decrease 
with aridity, but it may be that if air bubbles can be localized within 
individual vessel elements, even those with simple perforation plates, 
shorter vessel elements would be adaptive in more arid situation 
(Carlquist and Hoekman, 1985). 
Longer vessel elements have been shown to be correlated with 
more mesic habitats. The correlations between vessel element length 
and altitude or latitude should be traced to factors of water 
availability and temperature. Since altitude and latitude, are not 
ecological factors in themselves (Baas 1973).  
Vessel dimensions are sensitively related to ecology, while 
there is definitely a heritable component. There is wide latitude for 
phenotypic modifiability also as can be demonstrated where a given 
genetic stock is grown in two or more different localities (Bissing, 
1976; Akahchuku and Burley, 1979). 
 
 
 
 
 
19 
 
Doley (1978) reported that seedlings of Eucalyptus grandis 
were grown under light regimes for 7 weeks, during which time 
secondary xylem development was studied. The rate of cambial cell 
division was approximately 50% greater in the light than in the low 
light treatment.    
For many genera and species, diameter and vessel element 
length decrease while vessel frequency increases with decreasing 
water availability (Baas and Schweingruber, 1987; Van der Walt et 
al., 1988; Zhang et al., 1988; Wilkins and Papassotiriou, 1989; 
February, 1993). Thus, a xylem with narrow vessels is 
physiologically better protected against cavition (Rury and 
Dichinson, 1984). 
2.4.4 STEREOLOGY  
Stereology is the body of methods for the exploration of three-
dimensional space, when only two-dimensional sections through 
solid bodies or their projections on a surface are available (Elias, 
1976). Stereological methods were used to evaluate different 
characterization and to avoid the disadvantage of the manual 
methods which are time-consuming,   laborious and have the 
probability of increasing error (Nasroun and Elzaki, 1987). 
Stereology principles are used in metallurgy, mineralogy and 
geology for studying micro-structural properties that are related to 
physical and mechanical properties of materials (Nasroun, 1978). 
Certain basic measurements are required repeatedly in all 
quantitative stereology works. These basic operations are preformed 
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on two-dimensional sections or projections, and involve simple 
point’s counts, intersection counts and number of features (Nasroun, 
1979). From these counts the following parameters were calculated: 
point count (Pp), the number of points of intersection with 
boundaries generated per unit length of test lines (PL) and the 
number of objects or feature in vessels in a contained area of 
microstructure (NA).  
1- Pp (point counting) is one of the simplest operations of 
stereology. The term refers to the number of test points falling on a 
particular structure divided by total number of test points. These test 
points could be intersection of test lines making the test grid or end 
points of short test lines or random points on a grid (Ifju, 1983).  
The stereological equations that relate the average point 
fraction (PP), lineal (surface) fraction (LL), area fraction (AA) and 
volume fraction (VV) is given by:  
PP = AA = LL = VV (Ifju 1983). 
Where PP is the average of several randomly applied point, 
LL is the average of lineal fractions, AA is the fraction of the total 
area of a section which is occupied by the element and VV is the 
volume fraction which is the volume occupied by structural feature 
per unit volume of the structure (Underwood, 1970). 
2- PL is the number of intersection with boundaries generated per 
unit length of test lines (Ifju, 1983). The procedure involves 
superposition directed line segments upon the microscopic section 
images. Account of the number of the times that the line segment 
intersects the cell boundary when divided by the actual segment 
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length will give the number of intersections per unit. A linear or 
circular test array is applied randomly or placed systematically over 
the entire microstructure until a sufficient number of intersections 
have been counted. The actual total grid length (L) depends on the 
magnification of the microstructure, but its value can be determined 
at standard magnification (Nasroun, 1979). 
3- NA is the number of objects or features in a certain area of 
microstructure; it allows the average area (A) of the cells to be 
calculated using the following equation:  
A = AA / NA = The point counting (PP) / NA (Ifju, 1983). 
The above count for applying stereological equations for estimating 
the dimensions and proportions of anatomical features. 
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CHAPTER THREE 
MATERIALS and METHODS 
3.1 Site preparation and seed source 
The study was conducted in a site near the nursery of the 
Faculty of Forestry, University of Khartoum. The site was cleared of 
bushes and the soil was leveled, and then was divided into three 
square units (1.5m x 1.5m). Each unit was then assigned randomly to 
one of the three studied treatments, which were high, medium and no 
shade. Four pillars were erected in the four corners of each unit and 
then covered with green nets on the top and the four sides to give the 
required shade. One green net layer was erected for medium shade, 
double green net layer for high shade and no green net layer for no 
shade. Aeration openings were made in each unit on the northern and 
southern sides of treats. 
Fruits of M. oelifera were collected from trees in the study site 
(near the nursery). Seeds were then extracted from the Fruits (Plate 
3), with an average weight of 0.232g per seed; the seeds were 
examined on dishes in the laboratory; and the germination 
percentage was 85%.  
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Figure 3: Fruits and seeds of Moringa oleifera                                                  
3.2 Treatment and design: 
The treatments consist of high shade (HS, 80% shade), 
medium shade (MS, 50% shade), and no shade (NS, 0% shade). The 
respective shades were obtained using green net layers. One green 
net layer was erected for medium shade, double green net layer for 
high shade and no green net layer for no shade.  
In each unite a total of 100 polythene bags (20*10cm) were 
filled with clay soil (2.75kg), two seeds were randomly planted in 
each polythene bags and total of the seeds used were 200. The sown 
seeds were irrigated every other day by surface irrigation. 
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 3.3 Germination count: 
Germination was counted daily for two weeks and the 
following was calculated:   
1. Days for 50% germination (50% of total seeds were 
germinated) (germination speed) were determined as 
following: (N1D1 + N2D2 +...+ N50%D50%), where D1, 
D2,..., Dx: D1, the first day of germination; D2, the second day 
of germination and so on until the last day, when half of total 
seeds had germinated D50%. Also, N1, N2,..., N50%: N1, 
number of seeds had germinated on the first day, N2, number 
of seeds had germinated on the second day, and so on until the 
last day, when half of total seeds were germinated N50%. 
2. Germination rate (germination speed) was determined as 
following: (N1D1 + N2D2 +...+ NxDx)/ (N1 + N2 +...+ Nx) 
100, where D1, D2,..., Dx: D1, the first day of germination; 
D2, the second day of germination and so on until the last day 
of germination Dx. Also, N1, N2,..., Nx: N1, number of seeds 
had germinated on the first day; N2, number of seeds had 
germinated on second day and so on until the last day Nx. 
3. Germination percent: calculated as number of 
germinating seeds after 15 days to total number of seeds 
times100 (eg :90/100*100=90%). 
After germination, seedlings were singled out randomly and 
one seedling was left per bag.  
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3.4 Seedling harvest:  
The first harvest was carried out after 4 weeks from seed 
sowing followed by second harvest after 8 weeks, third harvest after 
12 weeks, and the fourth harvest after 16 weeks. From each 
treatment 25 seedlings were harvested, and then 20 seedlings were 
assigned randomly to measure growth variables and the remaining 5 
seedlings were used for stem anatomy variables.  
3.4.1 Seedling growth variables: 
The following variables were determined at each harvest. 
- Shoot length (cm). 
- Root length (cm).   
- Shoot dry mass (g).  
- Root dry mass (g). 
- Total dry mass (g). 
- Shoot dry mass to Root dry mass ratio. 
- Stem strength - stem resistance to cut: 
This last measure was done only for seedlings at harvest three. 
It was measured by breaking the stem manually and scored as soft or 
hard. Also, Stem resistance to cut was checked by cutting with razor 
and scored as easy to cut, hard to cut and very hard to cut.  
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3.4.2 Stem wood anatomy: 
3.4.2.1 Slide preparation:  
Five seedlings were randomly chosen out of the 25 seedlings 
of each treatment to prepare microscope slides.  Cross sections were 
prepared from the lower and middle parts of the stems. The sections 
were put in Petri-dish filled with water and examined under the 
microscope by mounting in a drop of water on clean slide to select 
good quality sections to be stained and mounted. 
Sections were put in 50% alcohol for one minute, then 
transferred to Safranin (0.2 g/100 ml 50% alcohol), left for 10 
minutes (to be fixed at the lignified cell walls) and then washed in 
50%, 70% and 96% alcohol.  The sections were then transferred to 
light green stain (0.2 g/100ml alcohol 95%) for one minute, washed 
in 96% alcohol and then in absolute alcohol and finally transferred to 
xylol.  Each section was mounted in a drop of Canada balsam on a 
clean slide, then covered   with a cover slip and   labeled. 
3.4.2.2 Microscopic examination 
Photographs of the slides for the stem wood cross-sections 
were taken using a ‘Moticam 1000’ digital camera mounted on an 
‘Olympus CH20’ microscope using a 10×10 magnification 
(Appendix 2). The images were printed on A4 paper. 
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3.4.2.3 Stereology count techniques  
Stereological count was conducted following the procedure of 
Ifju (1983). A sixteen-point grid (3×3 cm in dimension) was drawn 
on a paper and then it was photocopied on a transparent paper (Plate 
4). The grid was fixed on each of the photographs to obtain the point 
counting (Pp), the number of points of intersection with boundaries 
generated per unit length of test lines (PL) and the number of objects 
or feature in vessels in a contained area of microstructure (NA). A 
glass scale was projected through the microscope and the calibration 
was made to find the total stereo logical area. 
For each shade treatment, 5 slides (one from each of the 5 
sample seedlings) were used and four fields from each slide were 
examined.  The stereological data were entered in the computer and 
calculations were made to determine the following anatomical 
features using Equations 3-1, 3-2 and 3-3 (Ifju, 1983) 
- Vessel volume fraction. 
- Vessel diameter. 
- Number of Vessel per /mm2. 
- Volume fraction of lignified cells. 
Volume fraction for vessel was determined as following: 
CF = PPL + PPW………………………….. 3-1 
Where: 
CF = Volume fraction of vessel. 
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PPL = Volume fraction of vessel lumen. 
PPW = Volume fraction of vessel cell-wall. 
Horizontal cell diameter of vessel elements was determined as 
following: 
CD (H) =  ………………………… 3-2  
Where: 
CD (H) = horizontal cell diameter of vessel elements. 
PL = the number of intersection points (4*4) of the four horizontal 
lines of test grid with boundaries of vessels lumen area. 
NA = the total number of objects vessels which exist in the total area 
of the grid. 
CD (v) =  ………………………… 3-3  
Where: 
CD (V) = vertical cell diameter of vessel elements. 
PL = the number of intersection points of the four vertical lines of 
test grid with boundaries of vessels lumen area. 
NA = the total number of objects vessels which exist in the total area 
of the grid (4*4). 
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Figure 4: The stereology area (the grid). 
3.5 Data analysis 
The data of germination, seedlings growth and stem wood 
anatomical variables of M. oliefera were recorded and analyzed for 
the three levels of shade. 
One way analyses of variance was conducted to study the 
effect of the shade on each of the growth and anatomical variables. 
Treatment means were separated using Duncan’s Multiple Range 
Test when the effect of the treatment was significant. Statistical 
analyses were conducted using SAS statistical package (SAS 
Institute, 1995).   
 
Horizontal line 
Vertical lines 
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CHAPTER FOUR 
RESULTS 
4.1 Effect of Shade on Germination  
The shade level had high significant effect on the studied 
germination variables after two weeks from date of sowing (p ≤ 
0.001). Significant differences were observed between the means of 
the three tested levels of shade (Table 1, Figure 1).   
The effect of shade on days for 50% germination and 
germination rate was highly significant (P = 0.0001). The days for 
50% germination and germination rate of the high and medium 
shades had significantly lower values than no shade (Table 1).  
The effect of shade on total germination percent after two 
weeks was highly significant (p= 0.0012). The percentages of the 
medium and no shades were significantly higher than the high shade. 
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Table 1: Effect of three shade levels on germination variables of 
Moringa  oleifera after two weeks from seed sowing date. 
Germination variables 
Shade level Days for 50% 
Germination 
Germination 
Rate (days) 
Germination 
percent % 
High (80%) 6.05     B 6.88    B 81    B 
Medium (50%) 6.08     B 7.05    B 96    A 
No (0%) 8.65     A 10.15  A 90    A 
P- value 0.0001 0.0001 0.0012 
 Means with the same letter in the same column are not significantly 
different at P =0.05 according to Duncan’s Multiple Range Test. 
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Figure 5: Effect of three shade levels on germination of Moringa 
oleifera after two weeks from seed sowing. 
(A) High shade (80%)  
(B) Medium shade (50%)  
(C) No shade (0%) 
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4.2 Effect of shade on seedling growth 
After two weeks from seed sowing and at each of the four 
harvests the seedlings growth variables were significantly affected 
by shade level (p=0.0001).  The means of the studied growth 
variables showed significant differences among shade level (Table 2, 
3, 4, 5, 6 and 7; Figure 2). 
4.2.1 Shoot length 
The effect of shade on shoot length on each of the four harvest 
was highly significant (P= 0.0001). In the first harvest, the high 
shade achieved the highest shoot length followed by the medium 
shade (Table 2, Figure 3). However, in the third and fourth harvests; 
medium shade had significantly the highest shoot length and no 
shade resulted in significantly the lowest shoot length in all harvests. 
In harvest 3, the high shade gave succulent and tender shoot, 
while the medium and no shades gave erect and strong shoot (Table 
3, Figure 4).  
4.2.2 Root length 
The effect of shade on root length was highly significant (P< 
0.0006). Generally, the medium shade resulted in the longest root in 
the four harvests (Table 4, figure 4).  
High shade displayed significantly the lowest root length in all 
harvests. Also, the high gave small and weak root, while the medium 
and no shade gave tuberous and swollen roots (Figure 3). 
 
 
 
 
 
34 
 
4.2.3 Shoot dry mass 
The effect of shade on shoot dry mass was highly significant 
(P = 0.0001). There were significant differences among most of 
shade levels in the four harvests (Table 5). The medium shade 
showed significantly the highest shoot dry mass, while high shade 
showed significantly the lowest one. 
4.2.4 Root dry mass 
The effect of shade on Root dry mass was highly significant (P 
= 0.0001). There were significant differences among the shade levels 
in the four harvests. The medium shade had the highest Root dry 
mass, while the high shade had the lowest Root dry mass (Table 6).  
4.2.5 Total dry mass 
The effect of shade on total dry mass was highly significant (P 
= 0.0001).   There were significant differences among the shade 
levels in the four harvests (Table 7). The medium shade had the 
highest total dry mass, while the high shade had the lowest total dry 
mass.  
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Table 2: Effect of three shade levels on shoot length (cm) of 
Moringa oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at P=0.05 according to Duncan’s Multiple Range Test. 
Shoot length (cm) 
Harvest (months) Shade level   
1 2 3 4 
High (80% ) 32.1  A 49.0  A 58.5 B 52.6 B 
Medium (50% )  28.1  B 52.3  A 66.3 A 87.5 A 
NO (0% ) 10.0  C 11.0  B 19.4 C 55.4 B 
P-value 0.0001 0.0001 0.0001 0.0001 
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Figure 6: Effect of three shade levels on seedlings growth of 
Moringa oleifera after 12 weeks from seed sowing in the third 
harvest
(A) High shade (80%) 
(B) Medium shade (50%) 
(C) No shade 
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Table 3: Effect of three shade levels on the stem resistance to cut of 
Moringa oleifera seedling growth after 12 weeks from seed sowing 
date. 
A) Type of seedling growth 
Type High shade (80%) Medium shade (50%) No shade (0%) 
Soft 100% 10% 30% 
Hard 0% 90% 70% 
 
B) Stem resistance to cut 
Cutting High shade (80%) Medium shade (50%) No shade (0%) 
Easy  75% 0% 0% 
Hard 25% 15% 55% 
very hard  0% 85% 45% 
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Table 4: Effect of three shade levels on root length of Moringa 
oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at p=0.05 according to Duncan’s Multiple Range Test. 
Root length (cm) 
Harvest (months) Shade  level 
1 2 3 4 
High (80% ) 5.6  B 6.5    C 6.8 B 6.9  B 
Medium (50% ) 8.2  A 12.3  A 15.1 A 18.9 A 
No (0% ) 7.8  A 8.1    B 14.4 A 20.9 A 
P-value 0.0006 0.0001 0.0001 0.0001 
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Figure 7: Effect of three shade levels on shoot and root lengths of 
Moringa oleifera after 12 weeks from seed sowing (third harvest).                   
(A) High shade (80%) 
(B) Medium shade (50%) 
(C) No shade (0%) 
 
 
 
 
 
40 
 
Table (5): Effect of three shade levels on shoot dry mass of Moringa 
oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at p=0.05 according to Duncan’s Multiple Range Test. 
 
 
 
 
 
 
 
 
 
Shoot dry mass (g) 
Harvest (months) Shade  level 
1 2 3 4 
High (80% )  0.11  C 0.3    B 0.3   C 0.3   B 
Medium (50% )  0.25  A 1.1    A 1.5   A 4.2   A 
NO (0% ) 0.16  B 0.4    B 0.8  B 4.2   A 
P-value 0.0001 0.0001 0.0001 0.0001 
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Table 6: Effect of three shade levels on root dry mass of Moringa 
oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at p=0.05 according to Duncan’s Multiple Range Test. 
 
 
Root dry mass (g) 
Harvest (months) Shade  level 
1 2 3 4 
High (80%) 0.04  C 0.02   C 0.03  C 0.03  B 
Medium (50% )  0.05  B 0.9     A 1.9    A 6.1    A 
NO (0% ) 0.06  A 0.22  B 1.0    B 6.3    A 
P-value 0.0001 0.0001 0.0001 0.0001 
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Table 7: Effect of three shade levels on total dry mass of Moringa 
oleifera on four subsequent seedling harvests 
Means with the same letter in the same column are not significantly 
different at p = 0.05 according to Duncan’s Multiple Range Test. 
 
 
 
Total dry mass (g) 
Harvest (months) Shade  level 
1 2 3 4 
High (80%) 0.04    C 0.3       C 0.3    C 0.3        B 
Medium (50%) 0.3     A 2.0       A 3.4     A 10.3      A 
No (0%) 0.2     B 0.6       B 1.7     B 10.5      A 
P-value 0.0001 0.0001 0.0001 0.0001 
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4.2.6 Root to shoot dry mass ratio 
The effect of shade on root dry mass/ shoot dry mass ratio was 
highly significant in the four harvests (P ≤ 0.002). There were 
significant differences among the shade levels in the four harvests 
(Table 8). The medium and no shade had the highest ratio.  However, 
in third and fourth harvests, medium and no shades displayed 
significantly the highest root/shoot ratio; and High shade displayed 
the lowest root/shoot ratio. 
4.3 Effect of Shade on Stem Wood Anatomy  
The results showed highly significant differences among the 
shade levels (p=0.0001) in the anatomical variables.  Differences 
between harvests (seedling age) was significant for vessel volume 
fraction (p=0.001), horizontal vessel diameter (p=0.01) and vertical 
vessel diameter (p=0.03).  However, the interaction of harvest shade 
was highly significant for all of the variables.  The means and results 
of the Duncan's Multiple Range Test for the difference among shade 
levels at each harvest are shown in Tables 9, 10, 11, 12 and 13; 
figure 5. 
4.3.1 Vessel volume fraction 
The effect of shade on vessel volume fraction was highly 
significant (P = 0.0001). Generally there is a decrease in the vessel 
volume fraction with increasing shade (Table 9). High shade had 
significantly the lowest values in all harvests. The difference 
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between no and medium shade was only significant in the third 
harvest.  
4.3.2 Horizontal vessel diameter 
The effect of shade on horizontal vessel diameter was highly 
significant (P = 0.0001). There was a decrease in the horizontal 
vessel diameter with increasing shade (Table 10). High shade had 
significantly the lowest value in all harvests. The difference between 
no and medium shade was significant in second and third harvests.  
4.3.3 Vertical vessel diameter 
The effect of shade level on vertical vessel diameter was 
highly significant (P = 0.0001). Also, vertical vessel diameter 
decrease with shade in all harvests (Table 11). The no shade level 
had significantly the highest values in all harvest. The difference 
became significant between medium and high shade in the fourth 
harvest. 
4.3.4 Number of vessel 
The effect of shade on number of vessel was highly significant 
(P = 0.0001). Generally, there was a decrease in vessel number with 
increasing shade (Table 12). High shade had the lowest values in all 
harvests. The difference between no and medium shade was 
significant in the first and second harvests.  
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4.3.5 Volume fraction of lignified cells 
The effect of shade on volume fraction of lignified cells was 
highly significant (P = 0.0001). Generally there is a decrease in the 
volume fraction of lignified cells with increasing shade (Table 13). 
High shade had significantly the lowest value in all harvests. The 
differences between no and medium shade were significant in all 
harvests except in the second one.  
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Table 8: Effect of three shade levels on root dry mass/ shoot dry 
mass ratio of Moringa oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at 0.05 according to Duncan’s Multiple Range Test. 
Root dry mass / shoot dry mass ratio 
Harvest (months) Shade level 
1 2 3 4 
High (80%)   0.31   B 0.08   C     0.13  B 0.10 B 
Medium (50%)  0.20    C 0.90   A 1.94  A 1.56 A 
No (0%)  0.43    A     0.60   B 1.22  A 1.78 A 
P-value .0001 .0001 .0020 .0001 
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Figure 8: Effect of three shade levels on number of vessel and 
lignified cells of Moringa oleifera, after 12 weeks from seed sowing 
(third harvest). 
(A) High shade (80%) 
B) Medium shade (50%) 
(C) No shade (0%) 
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Table 9: Effect of three shade levels on vessel volume fraction of 
Moringa oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at p = 0.05 according to Duncan’s Multiple Range Test. 
Vessel volume fraction 
Harvest (months) Shade  level 
1 2 3 4 
High (80%)  6.563  B 6.597  B 6.563 C 8.125 B 
Medium (50%) 13.438 A 15.938 A 11.563 B 20.625 A 
No (0%) 15.938 A 17.813 A 21.563 A 24.063 A 
P-value 0.0009 0.0001 0.0001 0.0001 
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Table 10: Effect of three shade levels on horizontal Vessel diameter 
of Moringa oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at p = 0.05 according to Duncan’s Multiple Range Test. 
Horizontal vessel diameter (mm) 
Harvest (months) Shade  level 
1 2 3 4 
High (80%) 8.958   B 10.088  B 10.833  C 11.458  B 
Medium (50%) 17.708  A 14.583  B 17.500  B 24.167  A 
NO (0%) 21.458  A 21.875  A 25.000  A 24.583  A 
P-value 0.0001 0.0001 0.0001 0.0001 
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Table 11: Effect of three shade levels on vertical vessel diameter of 
Moringa oleifera on four subsequent seedling harvests 
Means with the same letter in the same column are not significantly 
different at p =0.05 according to Duncan’s Multiple Range Test. 
 
 
 
 
 
 
 
Vertical vessel diameter (mm) 
Harvest (months) Shade  level 
1 2 3 4 
High (80%) a  9.792    B 13.377   B 14.375   B 12.917   C 
Medium (50%) b 14.792   B 14.583    B 16.042    B 21.667    B 
No (0%) a  22.292  A 23.750   A 24.375   A 28.542   A 
P-value 0.0001 0.0264 0.0001 0.0001 
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Table 12: Effect of three shade levels on number of vessel of 
Moringa oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at 0.05   according to Duncan’s Multiple Range Test. 
 
 
 
 
 
 
 
Number of vessel per /mm2. 
Harvest (months) Shade  level 
1 2 3 4 
High (80%) 7.600    C 9.000    B 11.150    B 10.250   B 
Medium (50%) 12.600    B 9.050     B 13.300 AB 16.350   A 
No (0%) 21.550    A 21.400    A 15.800   A 16.800   A 
P-value 0.0001 0.0001 0.0127 0.0005 
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Table 13: Effect of three shade levels on volume fraction of lignified 
cells of Moringa oleifera on four subsequent seedling harvests. 
Means with the same letter in the same column are not significantly 
different at 0.05 according to Duncan’s Multiple Range Test. 
 
 
 
 
 
Volume fraction of lignified cells 
Harvest (months) Shade  level 
1 2 3 4 
High (80%) 24.063    C 9.649    C 14.688    C 12.813   C 
Medium (50%) 35.313    B 67.188   A 45.625    B 51.875    B 
No (0%) 24.063   A 39.063    B 53.438   A 59.688    A 
P-value 0.0001 0.0001 0.0001 0.0001 
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CHAPTER FIVE 
DISCUSSION 
The results confirmed the hypothesis that shade level (high 
shade 80%, medium shade 50% and no shade 0%) had significant 
effect on the germination, seedlings growth and stem wood anatomy. 
5.1 Germination  
The high speed of germination of M. oleifera in high and 
medium shades (Table 1), may be due to suitable temperature, light 
intensity, moisture and aeration for speed of germination, also may 
be due to less evaporation of water from the soil under high and 
medium shade similar to that recorded by Paulo, (2006) and Jahn et 
al., (1986). The highest germination percentages were recorded in 
seeds grown under medium and no shade than seeds grown under 
high shade (p=0.0012). This may be due to less evaporation of water 
from the soil and suitable light conditions for seeds germination. 
These results are in agreement with that recorded by Jahn et al. 
(1986), who stated that the optimum light condition for germination 
of all Moringa species was half shade. Also, Mohammed (1999) 
indicated that germination of Capparis dicidua seeds was higher in 
shaded than in partially shaded conditions. 
The low germination percentage of seeds under high shade 
level obtained in this study may be due to the effect of low soil 
temperature or perhaps low light intensity or both of them. These 
results are similar to the findings drawn by Bonner, et al. (1994). 
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Generally, the result indicates that germination of seeds of M. 
oleifera can occur with high percent under all shade intensities. This 
means the seeds of M. oleifera can germinate over a wide range of 
temperature and few light intensity, and they have adequate 
resistance to high temperature as noted by Dishna (2000). 
5.2 Shoot length and root length  
The result of the shoot length of M. oleifera seedlings (Table 
2; Figure 4) were similar to that concluded by Jahn et al. (1986) and 
GFU (2008), who mentioned that the growth of M. oleifera seedlings 
is much affected by light conditions, particularly during the hot 
periods of the year. Early moving of tender seedlings to full light, 
combined with irregular watering, can thus have disastrous 
consequences. Also, the result showed that medium shade gave erect 
and hard seedlings but, high shade gave soft and leaning seedlings 
(Table 3, Figure 4). This may point to that light intensity was not 
enough in high shade compared with medium shade. That is similar 
with the findings of Ballal, (1996) who reported that the use of 50% 
light intensity in the form of overhead shade significant increased 
initial height of Acacia senegal seedlings.   
Also, the longest root was in medium shaded seedlings 
compared with no and high shades (Table 4 and Figure 4) this might 
be attributed to the explanation given by Mohammed (1999), who 
mentioned that the plants with partially shaded condition receive 
more light which is essential for photosynthesis and then partitioning 
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of carbohydrates is more in partially shaded plants and this is also 
dependent on photoperiod and the genetics of the plant.  
5.3 Dry mass accumulation   
The highest accumulation in medium shade (Table 5, 6 and 7) 
may be attributed to the microclimatic condition around the 
seedlings (e.g. threshold light intensity, moderate temperature, high 
humidity etc.), which were favorable for the growth of seedlings. 
This result is in agreement with the findings of Jahn et al. (1986).  
Similar results of seedling growth in two tree species, Gordonia 
acuminata and Cornus controversa, under relatively dense canopy 
cover (under shading) have been reported by Cornelissen (1992 and 
1993). Bazzaz and Miao, (1993) also reported better seedlings 
growth of a late successional red oak in low than high light. 
However, Khan and Shanker (2001) reported better growth of 
seedlings of Quercus semiserrata in medium light condition. 
Root to shoot ratio of M. oleifera seedlings displayed highest 
value in no and medium shade, compared with seedlings in high 
shade (Table 8). The above result may be due to that seedlings 
grown in medium and no shade might have suffered from water 
limitation due to higher soil temperature and hence might have 
caused reduction in the above growth parameters (length and mass of 
shoot). On the other hand root systems development may be slightly 
better in the no and medium shade. These results are in agreement 
with the findings of Mohamad (1986).  
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Also, the lowest root/shoot ratio in high shade may be due to 
seedlings growth under limited light conditions; the mass of roots is 
reduced more than the mass of the shoot, which leads to a decrease in 
the root/shoot ratio. These results are in agreement with the findings 
of Pellerin and Demotes-Mainard (1992). 
5.4 Stem wood anatomy 
The effects of the three shade levels on stem wood anatomy 
variables shown in Tables 9, 10, 11, 12 and 13 and Figure 4, 
indicates that vessel volume fraction, horizontal and vertical vessel 
diameters, number of vessels and volume fraction of lignified cells 
decreased significantly with increased shade level. 
These results indicate that the conductive system was more 
developed in the seedlings growing under suitable shade level; this is 
in line with the needs of seedling growth. They indicate that the 
seedlings growing under shade levels may need a more effective 
conductive system   to cope with their more successive growth 
needs.  The increase in dry mass accumulation may be resulted in the 
increased photosynthesis, which was associated with the increase in 
shade intensities. These results are in agreement with the findings of 
Rury and Dichison (1984). 
 The decrease in volume fraction of lignified cells with 
increased shade the result is similar to what was found by Doley 
(1978), who concluded that the rate of cambial cell division in 
Eucalyptus grandis was approximately 50% greater in the light than 
in the low light treatment.   
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CHAPTER SIX 
CONCLUSIONS and RECOMMENDATIONS 
6.1 Conclusions: 
Shade levels had significant effect on: 
• Germination. 
• Seedlings growth. 
• Stem wood anatomy. 
1. Germination of M. oleifera can occur with high percent under 
all shade levels. 
2. The study indicated that seedling of M.oleifera under medium 
shade level produced significantly the highest biomass accumulation 
and partition.  
3. The study indicated that seedlings of M. oleifera were affected 
by shade level; high shade (80%) produced succulent and tender 
shoot with small and weak root, while the medium (50%) and no 
(0%) shades produces erect and strong shoot with tuberous and 
swollen root.  
4. The study indicated that some of anatomical characteristics 
(vessel volume fraction; horizontal and vertical vessel diameters; and 
number of vessel; and volume fraction of lignified cells) on stem of 
M. oleifera seedlings were decreased significantly with the increase 
in shade level. 
5. The study revealed the high adaptability of M. oleifera to arid 
and semi arid conditions where every climate factor is inconsistence.   
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6.2 Recommendations 
It is recommended to grow Moringa oleifera seedlings under 
medium shade level (50%) to enhance seedlings growth in the 
nursery.  
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Appendixes 
 
 
 
 
Appendix 1: Nutritional value of Moringa oleifera leaves (Fahey, 
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(Appendix 2): The set up used for steer counting including the 
‘Moticam 1000’ digital camera mounted on an ‘Olympus CH20’ 
microscope and the computer monitor. 
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High Shade (80%) 
(200seeds/100bags) 
 Medium Shade (50%) 
(200 seeds/100bags) 
 No Shade (0%) 
(200seeds/100bags) 
Germination 
(For two weeks) 
Thinning 
Harvest 
(25 seedlings every month) 
20 seedlings- 
for Growth variables: 
1. Shoots Length. 
2. Roots Length. 
3. Dry Weight for Shoots and Roots. 
4. Total Dry Weight. 
5. Shoots to Roots Ratio. 
6. Stem strength. 
5 seedlings-20 sections (stereoogy 
count) 
for anatomical variables : 
1. Volume fractions of vessel. 
2. Vessel diameter Characteristics.
3. Number of vessel. 
4. Volume fraction of lignified 
cell. 
 
        (Appendix 3): steps of the methods used in the study. 
Sowing 
2seeds in each polythene bags (600 seeds in 300 bags) 
